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(54) Wheel state adjustment system and method thereof

(57) A pressure detection sensor (30) for detecting
a tire internal air pressure and a wheel side communi-
cation device (34) for transmitting a detection result of
the pressure detection sensor (30) using a preset trans-
mission mode are provided on each wheel (14). The de-
tection result from the pressure detection sensor (30) is
transmitted to an ECU (26) via a vehicle body side com-
munication device (34) provided on a vehicle body (12).
The ECU (26) is able to notify a transmission mode de-

termination device (32) provided on each wheel (14) that
adjustment of the tire internal air pressure is being per-
formed by manipulating a state of the tire internal air
pressure. The transmission mode determination device
(32) determines a transmission mode to be used by the
wheel side communication device (34) such that a trans-
mission frequency of a notification related to the occur-
rence of an abnormality of the wheel is reduced while
adjustment of the tire internal air pressure is being per-
formed.
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Description

INCORPORATION BY REFERENCE

[0001] The disclosure of Japanese Patent Application
No. 2004-119152 filed on April 14, 2004 including the
specification, drawings and abstract is incorporated
herein by reference in its entirety.

BACKGROUND OF THE INVENTION

1. Field of Invention

[0002] The invention relates to a wheel state adjust-
ment system and a wheel state adjustment method for
adjusting a predetermined quantity of state of a wheel,
which may be, for example, an internal air pressure of
a tire.

2. Description of Related Art

[0003] As noted in Japanese Patent Application Pub-
lication No. JP-A-7-137515 and No. JP-A-2003-94917,
it is desirable to monitor various quantities of state of a
wheel, such as an internal air pressure of a tire, in order
to maintain the wheel in an appropriate state and
achieve comfortable running of a vehicle. Accordingly,
various related methods have been proposed for mon-
itoring wheel quantities of state, like changes in the in-
ternal air pressure within the tire.
[0004] Many of the disclosed systems for monitoring
wheel quantities of state and maintaining them appro-
priately, detect a wheel quantity of state such as the in-
ternal air pressure of the tire by using (a) sensors at-
tached to a vehicle body, or (b) sensors provided in in-
tegrated units with vehicle instruments attached to the
vehicle body.
[0005] However, recently, systems are being widely
adopted that use sensors provided on each wheel to de-
tect the respective wheel quantity of state such as the
internal air pressure of the tire, and then transmit the
detection results to an Electronic Control System (ECU),
or the like, provided on the vehicle body. Such systems
are epitomized by Tire Pressure Monitoring Systems
(TPMS). In these systems, the sensors provided on
each wheel are usually capable of switching between
different operating modes depending on the wheel
quantity of state. For example, some TPMS utilize sen-
sors that switch between (a) infrequent detection of the
wheel quantity of state at normal times, and (b) frequent
detection of the wheel quantity of state when it is deter-
mined that an abnormality is likely to have occurred. By
adopting such a configuration, it is possible to improve
safety.
[0006] However, the sensors provided on the wheels
often use a battery provided on each wheel as an energy
supply rather than a battery provided on the vehicle
body. Accordingly, in order to enable the sensors to be

operated over extended periods using the respective
wheel batteries, it is important to operate the sensors
efficiently and reduce energy consumption. For exam-
ple, some TPMS pro-actively adjust the tire internal air
pressure to an appropriate level to suit the road being
run along. With such systems, however, there is a pos-
sibility that use of this pro-active adjustment of the tire
internal air pressure will cause the sensors to operate
improperly and frequently detect the wheel quantity of
state and transmit the detection results even when there
is no likelihood that the wheel is in an abnormal state.
However, as will be apparent, from the point of view of
reducing energy consumption it is clearly undesirable if
the sensors operate improperly and detect the wheel
quantities of state more than necessary.

SUMMARY OF THE INVENTION

[0007] The invention was conceived of while taking in-
to consideration the above described problems, and it
is an object thereof to provide a wheel state adjustment
system and wheel state adjustment method that enable
a predetermined quantity of state of a wheel to be ap-
propriately monitored and adjusted.
[0008] A first aspect of the invention provides a wheel
state adjustment system that includes: a wheel state
monitoring means which monitors a predetermined
quantity of state of a wheel, and which transmits a noti-
fication when an abnormality of the wheel occurs; and
a wheel state adjustment means that adjusts the quan-
tity of state of the wheel. In the first aspect, the wheel
state monitoring means reduces a transmission fre-
quency at which the notification related to the occur-
rence of an abnormality of the wheel is transmitted when
the wheel state adjustment means is adjusting the pre-
determined quantity of state of the wheel.
[0009] According to the first aspect, it is possible to (i)
monitor the predetermined quantity of state of the wheel,
(ii) transmit the notification related to the occurrence of
an abnormality, and (iii) adjust the predetermined quan-
tity of state of the wheel. Further, by reducing the trans-
mission frequency of the notification related to the oc-
currence of an abnormality of the wheel while the wheel
state adjustment means is adjusting the predetermined
quantity of state of the wheel, it is possible to reduce the
amount of energy that is consumed by transmitting the
notification related to the occurrence of an abnormality
of wheel.
[0010] Note that, the term "predetermined quantity of
state of the wheel" as used in this specification includes
any characteristic or factor related to the state or condi-
tion of the wheel. An example of such a predetermined
quantity of state is a tire internal air pressure of a tire of
wheel. Further, the phrase "an occurrence of an abnor-
mality of the wheel" indicates a concept that includes
times when there is a high probability that an abnormal-
ity of the wheel has occurred. In addition, the phrase
"transmit a notification related to the occurrence of an
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abnormality of the wheel" indicates both (a) times when
the notification related to the occurrence of an abnor-
mality of the wheel is transmitted directly, and (b) times
when the notification related to the occurrence of an ab-
normality of the wheel is transmitted indirectly by ma-
nipulating the characteristics of the transmission fre-
quency, or the like.
[0011] The first aspect may be configured such that,
when the wheel state adjustment means is adjusting the
predetermined quantity of state of the wheel, the wheel
state monitoring means reduces the transmission fre-
quency at which the notification related to the occur-
rence of an abnormality of the wheel is transmitted by
stopping transmission of the notification related to the
occurrence of an abnormality of the wheel.
[0012] Moreover, the first aspect may be configured
such that, when the wheel state adjustment means is
adjusting the predetermined quantity of state of the
wheel, the wheel state monitoring means reduces the
transmission frequency at which the notification related
to the occurrence of an abnormality of the wheel is trans-
mitted by changing a determination condition for deter-
mining whether an abnormality of the wheel has oc-
curred. It should be noted that, in a normal case, there
are occasions when adjustment of a predetermined
quantity of state by a wheel state adjustment means
causes a wheel state monitoring means to mistakenly
determine that an abnormality of the wheel has oc-
curred, even though no such abnormality of the wheel
actual exists. However, according to the present wheel
state adjustment system, it is possible to effectively in-
hibit such mistaken determinations from being made by
appropriately changing the determination condition for
the occurrence of an abnormality of the wheel.
[0013] According to the first aspect and a modified
form thereof, the wheel state adjustment means may no-
tify the wheel state monitoring means that the wheel
state adjustment means is adjusting the predetermined
quantity of state of the wheel by manipulating the pre-
determined quantity of state of the wheel in a predeter-
mined manner. By adopting such a configuration, it is
possible to notify the wheel state monitoring means that
the wheel state adjustment means is adjusting the pre-
determined quantity of state of the wheel by using a sim-
ple method, namely, by manipulating the predetermined
quantity of state of the wheel using the wheel state ad-
justment means.
[0014] Further, according to another modified form of
the first aspect, the wheel state adjustment means no-
tifies the wheel state monitoring means that the prede-
termined quantity of state of the wheel is being adjusted
by manipulating the predetermined quantity of state
such that the predetermined quantity of state exhibits a
type of behavior that is not normal. If this configuration
is utilized, it is possible to clearly distinguish between (i)
the behavior of the predetermined quantity of state of
the wheel at normal times, and (ii) a specific type of be-
havior of the predetermined quantity of state of the

wheel that is caused by adjustment of the predeter-
mined quantity of state of the wheel. As a result of this
clear distinction, it is possible to inhibit the two types of
behavior from being confused. Note that, the phrase "a
type of behavior that is not normal" indicates a type of
behavior that is, for example, not normally exhibited
when the wheel is being used and run in everyday con-
ditions. Further, this "type of behavior that is not normal''
is distinguishable from behavior of the predetermined
quantity of state of the wheel that is exhibited as a result
of damage of the wheel or its running environment.
[0015] According to the first aspect and another mod-
ified form thereof, the wheel state adjustment means
may adjust the predetermined quantity of state of the
wheel by referring to a monitoring result for the prede-
termined quantity of state of the wheel that is obtained
from the wheel state monitoring means. By adopting
such a configuration, it is possible to perform the adjust-
ment of the predetermined quantity of state of the wheel
in line with changes in the predetermined quantity of
state of the wheel.
[0016] Moreover, according to the first aspect, the
wheel state adjustment means may adjust the predeter-
mined quantity of state of the wheel by referring to a
speed of a vehicle to which the wheel is attached. Adop-
tion of this configuration enables the predetermined
quantity of state of the wheel to be adjusted safely in
line with the vehicle speed.
[0017] Further, according to the first aspect and an-
other modified form thereof, the predetermined quantity
of state of the wheel may be a tire internal air pressure
of a tire of the wheel. Note that, the tires of an automobile
are in contact with the road surface, and are easily dam-
aged or affected by the environment. Therefore, it is im-
portant to maintain the tire internal air pressure at an
appropriate level. The present wheel state adjustment
system takes this requirement into consideration, and
makes it possible to appropriately monitor and adjust the
tire internal air pressure.
[0018] The first aspect and another modified form
thereof may also be provided with a warning device that
generates a warning based on the notification related to
the occurrence of an abnormality of the wheel that is
obtained from the wheel state monitoring means. Utili-
zation of this configuration makes it possible to easily
inform the driver or other vehicle user about the occur-
rence of an abnormality of the wheel by generating the
warning related to the occurrence of the abnormality of
the wheel.
[0019] It should be noted that the scope of the inven-
tion is taken to include other suitable combinations of
the above described elements, other modifications
thereof, and any other systems or devices that, despite
different wording or phraseology, realize the invention.
All such combinations, modifications, devices and sys-
tems are taken to fall within the scope of the invention
receiving patent protection under the present applica-
tion.
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[0020] According to the invention, it is possible to both
monitor the predetermined quantity of state of the wheel
using the wheel state monitoring means and adjust the
predetermined quantity of state of the wheel using the
wheel state adjustment means while the transmission
frequency of the notification related to the occurrence of
an abnormality of the wheel is reduced when the prede-
termined quantity of state of the wheel is being adjusted
by the wheel state adjustment means. Accordingly, it is
possible to reduce the amount of energy that is con-
sumed by transmitting the notification related to the oc-
currence of an abnormality of the wheel.
[0021] A second aspect of the invention provides a
wheel state adjustment method for a wheel state adjust-
ment system. This method includes the steps of: moni-
toring a predetermined quantity of state of a wheel and
transmitting a notification when an abnormality of the
wheel occurs; and adjusting the predetermined quantity
of state of the wheel. The method further includes a step
of reducing a transmission frequency at which the noti-
fication related to the occurrence of an abnormality of
the wheel is transmitted is reduced when the predeter-
mined quantity of state of the wheel is being adjusted.
[0022] The second aspect may be configured such
that, when the predetermined quantity of state of the
wheel is being adjusted, the transmission frequency at
which the notification related to the occurrence of an ab-
normality of the wheel is transmitted is reduced by stop-
ping transmission of the notification related to the occur-
rence of an abnormality of the wheel.
[0023] Moreover, the second aspect may be config-
ured such that when the predetermined quantity of state
of the wheel is being adjusted, the transmission frequen-
cy at which the notification related to the occurrence of
an abnormality of the wheel is transmitted is reduced by
changing a determination condition for determining
whether an abnormality of the wheel has occurred.
[0024] Further, according to the second aspect and a
modified form thereof, the monitoring step may monitor
whether the predetermined quantity of state of the wheel
is being adjusted based on whether the predetermined
quantity of state is manipulated in a predetermined man-
ner.
[0025] According to another modified form of the sec-
ond aspect, the monitoring step monitors whether the
predetermined quantity of state of the wheel is being ad-
justed based on whether the predetermined quantity of
state of the wheel is changed such that the predeter-
mined quantity of state exhibits a type of behavior that
is not normal.
[0026] Further, according to the second aspect and
another modified form thereof, the adjusting step of the
predetermined quantity of state of the wheel may be per-
formed by referring to a monitoring result for the prede-
termined quantity of state of the wheel.
[0027] In addition, the second aspect and another
modified form thereof may be configured such that the
adjusting step of the predetermined quantity of state of

the wheel is performed by referring to a speed of a ve-
hicle to which the wheel is attached.
[0028] Moreover, the second aspect and another
modified form thereof may be configured such that the
monitoring step of the predetermined quantity of state
of the wheel is based upon measurement of a tire inter-
nal air pressure of a tire of the wheel.
[0029] Further, the second aspect and another modi-
fied form thereof may further include a step of generat-
ing a warning based on the notification related to the
occurrence of an abnormality of the wheel.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] The foregoing and further objects, features
and advantages of the invention will become apparent
from the following description of preferred embodiments
with reference to the accompanying drawings, wherein
like numerals are used to represent like elements and
wherein:

FIG. 1 shows the overall configuration of a vehicle
according to a first embodiment;
FIG. 2 is a function block diagram showing func-
tions, among various different functions of an ECU,
related to monitoring and adjustment of a tire inter-
nal air pressure;
FIG. 3 is a flow chart showing a processing routine
in which the tire internal air pressure is adjusted to
suit a running environment of the vehicle, and more
particularly showing the processing performed by
devices provided on a vehicle body;
FIG. 4 is a flow chart showing a processing routine
in which the tire internal air pressure is adjusted to
suit the running environment of the vehicle, and
more particularly showing the processing per-
formed by devices provided on the wheel;
FIG. 5 shows the overall configuration of a vehicle
according to a second embodiment;
FIG. 6 is a function block diagram showing func-
tions, among various different functions of an ECU
according to the second embodiment, related to
monitoring and adjustment of a tire internal air pres-
sure;
FIG. 7 is a flow chart showing a processing routine
in which the tire internal air pressure is adjusted to
suit a running environment of the vehicle; and
FIG. 8 is a function block diagram showing func-
tions, among various different functions of an ECU
according to a third embodiment, related to moni-
toring and adjustment of a tire internal air pressure.

DETAILED DESCRIPTION OF EMBODIMENTS

[0031] Hereinafter, preferred, exemplary embodi-
ments of the invention will be described with reference
to the drawings.
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First Embodiment

[0032] FIG. 1 shows the overall configuration of a ve-
hicle 10 according to the first embodiment. This vehicle
10 is provided with a mechanism for monitoring a tire
internal air pressure of each tire (not shown), and a
mechanism for adjusting each tire internal air pressure.
The vehicle 10 includes a vehicle body 12, and wheels
14 that are provided at the left and right sides of the front
and rear of the vehicle body 12.
[0033] A vehicle body side communication device 16;
a warning device 18; an air tank 19; an air pump 20 that
is connected to the air tank 19; a tire air pressure indi-
cator 21; four air adjustment electromagnetic valves 24
that are connected to the air pump 20 via an air passage
22; and an Electronic Control Unit (ECU) 26 are mount-
ed in the vehicle body 12. The ECU 26 is connected to
the vehicle body side communication device 16, the
warning device 18, the tire air pressure indicator 21, the
air pump 20, and the four air adjustment electromagnet-
ic valves 24. Note that, for the sake of explanatory sim-
plicity, the following description will focus on the exam-
ple of one of the wheels 14, although the same expla-
nation applies to all four wheels 14.
[0034] The wheel 14 includes the tire that is filled with
air, and a wheel body (not specifically shown) that sup-
ports the tire. The wheel 14 is provided with a tire pres-
sure adjustment portion 28 that is connected via the air
passage 22 to the air adjustment electromagnetic valve
24; a pressure detection sensor 30; a transmission
mode determination device 32 that is connected to the
pressure detection sensor 30; and a wheel side commu-
nication device 34 that is connected to the transmission
mode determination device 32. The pressure detection
sensor 30, the transmission mode determination device
32, and the wheel side communication device 34 oper-
ate using electric energy stored in a battery (not shown)
mounted in the wheel 14. The pressure detection sensor
30, the transmission mode determination device 32, and
the wheel side communication device 34 that are pro-
vided in the wheel 14 may be formed as an integral unit
or as separate units.
[0035] The tire pressure adjustment portion 28 func-
tions as a valve connecting the inside of the tire with the
air passage 22, and (a) fills the tire with air provided from
the air adjustment electromagnetic valve 24, and (b)
transmits the air within the tire to the air adjustment elec-
tromagnetic valve 24. The tire pressure adjustment por-
tion 28 adjusts the air pressure within the air passage
22 and the air pressure within the tire so that the two air
pressures are substantially equal to each other.
[0036] The pressure detection sensor 30 is config-
ured as a Tire Pressure Monitoring System (TPMS) that
can individually monitor the tire internal air pressure of
the tire. The pressure detection sensor 30 periodically
detects the tire internal air pressure, and transmits the
obtained detection results to the transmission mode de-
termination device 32. The pressure detection sensor

30 according to this exemplary embodiment detects the
tire internal air pressure, and transmits the obtained de-
tection result to the transmission mode determination
device 32 at a rate of once every fifteen seconds.
[0037] The transmission mode determination device
32 determines a transmission mode of the wheel side
communication device 34 based on the detection result
received from the pressure detection sensor 30. More
specifically, the transmission mode determination de-
vice 32 determines the transmission mode of the wheel
side communication device 34 by comparing (i) a
change amount for a predetermined time period of the
tire internal air pressure, and (ii) a pre-set transmission
mode determination threshold value. The above men-
tioned change amount is derived from the detection re-
sult from the pressure detection sensor 30.
[0038] In this embodiment, the wheel side communi-
cation device 34 has two transmission modes, namely,
(i) a normal transmission mode in which the detection
result of the pressure detection sensor 30 is transmitted
infrequently at a rate of once every minute, and (ii) an
emergency transmission mode in which the detection
result of the pressure detection sensor 30 is transmitted
frequently at a rate of once every fifteen seconds. When
the change amount for the predetermined time of the
internal air pressure is a value that is equal to or less
than the transmission mode determination threshold
value, it is determined that the internal air pressure of
the tire is normal. Accordingly, the transmission mode
determination device 32 determines that the normal
transmission mode should be used as the transmission
mode. On the other hand, when the change amount for
the predetermined time of the internal air pressure is a
value that is more than the transmission mode determi-
nation threshold value, it is determined that there is a
possibility that the internal air pressure of the tire is ab-
normal. As a result, the transmission mode determina-
tion device 32 determines that the abnormal transmis-
sion mode should be used as the transmission mode.
[0039] In the case that the tire internal air pressure is
pro-actively adjusted to suit a running environment in
line with a command from a vehicle driver, or other ve-
hicle user (as will be described later), when the air ad-
justment electromagnetic valves 24, etc., are adjusting
the tire internal air pressure, the transmission mode de-
termination device 32 will have a tendency to control the
transmission frequency at which the wheel side commu-
nication device 34 transmits the detection results from
the pressure detection sensor 30, and the like, to be less
than that at normal times. Accordingly, the transmission
mode determination device 32 of this embodiment re-
duces the transmission frequency of the wheel side
communication device 34 by changing the transmission
mode determination threshold value (which is the con-
dition for determining whether an abnormality of the
wheel 14 has occurred), when the air adjustment elec-
tromagnetic valves 24, etc., are adjusting the tire inter-
nal air pressure to suit the running environment.
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[0040] More particularly, when the transmission mode
determination device 32 determines that the tire internal
air pressure is not being adjusted, the transmission
mode is determined using a first transmission mode de-
termination threshold value. On the other hand, when it
is determined that the tire internal air pressure is being
adjusted, the transmission mode is determined using a
second transmission mode determination threshold val-
ue that is higher than the first transmission mode deter-
mination value. When the second transmission mode
determination threshold value is used, as compared to
when the first transmission mode determination thresh-
old value is used, the frequency of switching to the emer-
gency transmission mode from the normal transmission
mode is reduced due to the higher threshold value. As
a result, it is possible to reduce the overall transmission
frequency of the wheel side communication device 34.
[0041] The transmission mode determination device
32 is configured such that the first transmission mode
determination threshold value is returned to after a pre-
determined time has elapsed after use of the second
transmission mode determination threshold value. It is
preferable if this predetermined time is set such that the
second transmission mode determination threshold val-
ue is utilized by the transmission mode determination
device 32 when the air adjustment electromagnetic
valve 24, etc. are adjusting the tire internal air pressure
to suit the running environment.
[0042] The transmission mode determination device
32 determines whether or not the air adjustment elec-
tromagnetic valve 24, etc. are adjusting the tire internal
air pressure to suit the running environment based on
the detection result of the pressure detection sensor 30.
In this embodiment, as will be described hereinafter, an
"indication signal" that the tire internal air pressure is
being adjusted by the air adjustment electromagnetic
valves 24, etc., to suit the running environment is sent
to the devices on the wheel 14 side from the devices on
the vehicle body 12 in the form of a specific type of be-
havior of the tire internal air pressure. Accordingly, the
transmission mode determination device 32 determines
that the tire internal air pressure is exhibiting the specific
type of behavior based on detection result of the pres-
sure detection sensor 30, and determines that either the
first or the second transmission mode determination
threshold value should be utilized as the transmission
mode determination threshold value.
[0043] The transmission mode determination device
32 transmits information specifying the determined
transmission mode to the wheel side communication de-
vice 34. In addition, other information also is sent to the
wheel side communication device 34, such as (a) the
detection result of the pressure detection sensor 30, and
(b) whether the above indication signal that the internal
air pressure of the tire is being adjusted has been re-
ceived or not.
[0044] The wheel side communication device 34 then
wirelessly transmits the detection result from the pres-

sure detection sensor 30 to the vehicle body side com-
munication device 16 using the transmission mode de-
termined by the transmission mode determination de-
vice 32. At this time, the wheel side communication de-
vice 34 may also include information in the transmission
radio waves that is related to, in addition to the detection
result of the pressure detection sensor 30, the transmis-
sion mode, and whether the operating mode of the air
adjustment electromagnetic valves 24 has been con-
firmed based on the tire internal air pressure. This infor-
mation is indicated in the form of binary digits.
[0045] The vehicle body side communication device
16 mounted in the vehicle body 12 receives the radio
waves transmitted wirelessly from the wheel side com-
munication device 34, and the like, and transfers the in-
formation included in the radio waves to the ECU 26.
[0046] The warning device 18 is controlled by the
ECU 26 and emits an alarm based on a notification re-
lated to the occurrence of an abnormality of the wheel
14 which is received from pressure detection sensor 30
of each wheel 14 via the wheel side communication de-
vice 34 and the transmission mode determination de-
vice 32.
[0047] The tire air pressure indicator 21 transmits a
command related to the running environment, which is
received from the driver or other vehicle user, to the ECU
26, when it is necessary to ensure a comfortable ride by
pro-actively changing the tire internal air pressure to suit
the running environment. This command is transmitted
to the ECU 26 via the tire air pressure indicator 21,
when, for example, the driver is driving at high speed
along a paved road surface such as a high speed road,
or driving on a wet road surface such as muddy road,
and wishes to notify the ECU 26 of the running environ-
ment.
[0048] The air tank 19 holds compressed air at a pre-
determined pressure, and the air pump 20 feeds the air
held in the air tank 19 to the air adjustment electromag-
netic valve 24 via the air passage 22.
[0049] The air adjustment electromagnetic valves 24
are provided at positions that correspond to the respec-
tive wheels 14, and are electromagnetic valves that ad-
just the tire internal air pressure of the corresponding
wheel 14. More particularly, each air adjustment elec-
tromagnetic valve 24 increases the tire internal air pres-
sure by feeding air received from the air pump 20 into
the tire via the tire pressure adjustment portion 28 of the
corresponding wheel 14. On the other hand, each air
adjustment electromagnetic valve 24 decreases the tire
internal air pressure by bleeding air from the tire via the
tire pressure adjustment portion 28 and discharging it to
the outside of the vehicle 10.
[0050] The air pump 20 and the air adjustment elec-
tromagnetic valves 24 are controlled by the ECU 26, and
adjust the tire internal air pressure by referring to the
monitoring result for the tire internal air pressure ob-
tained by the pressure detection sensor 30. Information
related to the history of increases and decreases of the
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tire internal air pressure that has been performed by the
air pump 20 and the air adjustment electromagnetic
valves 24 also can be stored in the ECU 26.
[0051] The ECU 26 controls various states of the ve-
hicle 10 by controlling the air pump 20, the air adjust-
ment electromagnetic valves 24, the warning device 18,
and the various other devices based on information re-
ceived from the vehicle body side communication de-
vice 16, the tire air pressure indicator 21, and other elec-
tronic devices, not shown. The ECU 26 of this embodi-
ment has various functions, some of which are shown
in FIG. 2.
[0052] FIG. 2 is a function block diagram showing the
functions of the ECU 26 that are related to monitoring
and adjustment of a tire internal air pressure. The ECU
26 includes a memory portion 102, a tire air pressure
determination portion 103, a first adjustment air amount
calculation portion 104, a second adjustment air amount
calculation portion 106, a pump/valve control amount
calculation portion 108, and a warning determination
portion 110.
[0053] The memory portion 102 stores (a) the detec-
tion result of the pressure detection sensor 30 that is
received via the wheel side communication device 34
and the vehicle body side communication device 16,
and (b) detection times and transmission/reception
times for the detection results. The memory portion 102
also stores other information that is received through the
wheel side communication device 34 and the vehicle
body side communication device 16. In addition, the
memory portion 102 stores information related to adjust-
ment, namely, the history of increase and decrease, of
the tire internal air pressure that has been performed by
controlling drive of the air pump 20 and the air adjust-
ment electromagnetic valve 24. For example, the mem-
ory portion 102 stores information related to supplied air
amounts and the bled air amounts of each tire.
[0054] The tire air pressure determination portion 103
determines whether or not the tire internal air pressure
has deviated from a "reference air pressure" based on
the detection result from the pressure detection sensor
30 that is received from the vehicle body side commu-
nication device 16. The term reference air pressure as
used herein is intended to encompasse an air pressure
that is determined to be suitable given the make and
model of the vehicle 10, and is within a range that can
ensure, for example, appropriate running when the ve-
hicle 10 is being driven normally.
[0055] The first adjustment air amount calculation
portion 104 calculates (i) the supplied air amount to be
supplied to the tire, and (ii) the bled air amount to be
bled from the tire in order to return the tire internal air
pressure to the reference air pressure. This calculation
is based on the detection results of the pressure detec-
tion sensor 30, and is performed by the first adjustment
air amount calculation portion 104 when the tire air pres-
sure determination portion 103 determines that the tire
internal air pressure has deviated from the reference air

pressure. At this time, the first adjustment air amount
calculation portion 104 can refer if necessary to the var-
ious types of information that are stored in the memory
portion 102. The calculation results for the supplied air
amount and the bled air amount to be supplied and bled
from the tire are sent to the pump/valve control amount
calculation portion 108 from the first adjustment air
amount calculation portion 104.
[0056] The second adjustment air amount calculation
portion 106 calculates the supplied air amount to be sup-
plied to the tire and bled air amount to be bled from the
tire in order to change the tire internal air pressure to an
air pressure that is suitable for the running environment.
This calculation is performed based on an indication sig-
nal related to the running environment that is received
by the second adjustment air amount calculation portion
106 from the tire air pressure indicator 21. At this time,
the second adjustment air amount calculation portion
106 can refer if necessary to the various types of infor-
mation that are stored in the memory portion 102. The
calculation results for the supplied air amount and the
bled air amount to be supplied to and bled from the tire
are sent to the pump/valve control amount calculation
portion 108 from the second adjustment air amount cal-
culation portion 106.
[0057] The pump/valve control amount calculation
portion 108 calculates an operating mode of the air
pump 20 and an adjustment amount of the air adjust-
ment electromagnetic valves 24 based on the calcula-
tion results of the first adjustment air amount calculation
portion 104 and the second adjustment air amount cal-
culation portion 106. Then, the pump/valve control
amount calculation portion 108 transmits a control sig-
nal based on the calculated operating mode and adjust-
ment amount of the air pump 20 and the air adjustment
electromagnetic valves 24 to the air pump 20 and the
corresponding air adjustment electromagnetic valve 24.
As a result, the air pump 20 and the air adjustment elec-
tromagnetic valve 24 are driven in accordance with the
control signal received from the pump/valve control
amount calculation portion 108.
[0058] Moreover, in the case that the calculation result
of the second adjustment air amount calculation portion
106 is utilized, the pump/valve control amount calcula-
tion portion 108 calculates the operating mode of the air
pump 20 and the adjustment amount of the air adjust-
ment electromagnetic valve 24 such that an indication
signal is sent to the pressure detection sensor 30 and
the transmission mode determination device 32, etc.,
provided in the wheel 14 in the form of manipulated
changes of the state of the tire internal air pressure. In
other words, the pump/valve control amount calculation
portion 108 derives the operating mode of the air pump
20 and the adjustment amount of the air adjustment
electromagnetic valves 24 such that the indication sig-
nal that the tire internal air pressure is being adjusted
by the air adjustment electromagnetic valve 24, etc.,
which takes the form of a change in the tire internal air
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pressure, is transmitted to the pressure detection sen-
sor 30 and the transmission mode determination device
32 provide on the wheel 14 side from the ECU 26 pro-
vided on the vehicle body 12 side.
[0059] With this embodiment, when it is necessary to
increase the tire internal air pressure based on the cal-
culation result of the second adjustment air amount cal-
culation portion 106, the pump/valve control amount cal-
culation portion 108 transmits a control signal to the air
pump 20 and the air adjustment electromagnetic valve
24. This control signal causes the tire internal air pres-
sure to increase after having decreased once. On the
other hand, when it is necessary to decrease the tire
internal air pressure based on the calculation result of
the second adjustment air amount calculation portion
106, the pump/valve control amount calculation portion
108 transmits a control signal to the air pump 20 and the
air adjustment electromagnetic valve 24. This control
signal causes the tire internal air pressure to decrease
after having increased once. As a result, the behavior
of tire internal air pressure is caused to change (namely,
to increase and then decrease, or to decrease and then
increase) during a predetermined time period in a spe-
cific type of way that would not occur during normal be-
havior of the tire internal air pressure. This specific type
of behavior of the tire internal air pressure is detected
by the pressure detection sensor 30, which in turn trans-
mits this information to the transmission mode determi-
nation device 32.
[0060] In order that the indication signal that the tire
internal air pressure is being adjusted by the air adjust-
ment electromagnetic valve 24, etc. is effectively trans-
mitted to the pressure detection sensor 30, the indica-
tion signal is determined so as to take into consideration
(a) the detection timing of the pressure detection sensor
30 for the tire internal air pressure, and (b) the determi-
nation criteria for the transmission mode of the trans-
mission mode determination device 32. For example, if
the sequential behavior of the tire internal air pressure
that acts as the indication signal takes place during an
extremely short period of time, it is possible that the in-
dication signal will completely start-and-finish within the
fifteen second interval between the detections of the
pressure detection sensors 30. As a result, it is possible
that the pressure detection sensors 30 will not identify
the indication signal. Accordingly, the timing and dura-
tion of the specific type of behavior of tire internal air
pressure that acts as the indication signal are deter-
mined such that it is possible for the pressure detection
sensor 30 to effectively identify the sequential behavior
of the tire internal air pressure that acts as the indication
signal while repeating normal detection of the tire inter-
nal air pressure a number of times.
[0061] Moreover, for example, when it is necessary to
have detection results from at least five repetitions of
normal detection of the pressure detection sensors 30
in order to identify the sequential behavior of tire internal
air pressure that acts as the indication signal, it is pos-

sible that the transmission mode will be determined
without taking into consideration the indication signal if
the transmission mode determination device 32 deter-
mines the transmission mode based upon detection re-
sults for three detection repetitions of the pressure de-
tection sensors 30. In order to avoid this type of problem,
the timing and duration of the specific type of behavior
of the tire internal air pressure that acts as the indication
signal are determined prior to when the transmission
mode determination device 32 determines the transmis-
sion mode. By adopting this configuration, the pressure
detection sensor 30 is able to identify the sequential be-
havior of the tire internal air pressure that acts as the
indication signal.
[0062] The warning determination portion 110 acti-
vates the warning device 18 based on whether an ab-
normality of the wheel 14 has occurred, a fact that is
transmitted to the warning determination portion 110
from the pressure detection sensor 30 of the wheel 14
via the transmission mode determination device 32 and
the wheel side communication device 34. In this embod-
iment, it is determined that an abnormality of the wheel
14 has occurred based on an absolute value and a
change amount of the tire internal air pressure. When
the values of the absolute value and the change amount
of the tire internal air pressure are within a normal range,
it is determined that there is no abnormality of the wheel
14, and the warning determination portion 110 does not
activate the warning device 18. On the other hand, if the
values of the absolute value and the change amount of
the tire internal air pressure are outside the normal
range, it is determined that there is an abnormality of
the wheel 14, and the warning determination portion 110
activates the warning device 18. The absolute value and
the change amount of the tire internal air pressure are
derived from the detection result of the pressure detec-
tion sensor 30 that is transmitted from the wheel side
communication device 34.
[0063] With the above-configured embodiment, the
pressure detection sensor 30 monitors whether or not
an abnormality related to the tire internal air pressure
has occurred. In addition, it is possible to determine
whether it is likely that an abnormality related to the tire
internal air pressure has occurred based on the absolute
value and the change amount of the tire internal air pres-
sure that are derived from the detection result of the
pressure detection sensor 30. The detection result of the
pressure detection sensor 30 is transmitted to the vehi-
cle body side communication device 16 and the ECU 26
provided on the vehicle 10 side via the transmission
mode determination device 32 and the wheel side com-
munication device 34. Accordingly, a wheel state mon-
itoring device or wheel state monitoring means that (i)
monitors the tire internal air pressure that is one of the
quantities of state of the wheel 14, and (ii) transmits in-
formation related to the occurrence of an abnormality of
the wheel 14 to the vehicle 10 side is configured from
the pressure detection sensor 30, the transmission
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mode determination device 32 and the wheel side com-
munication device 34. Further, a wheel state adjustment
device or a wheel state adjustment means that adjusts
the tire internal air pressure is configured from the air
pump 20, the tire air pressure indicator 21, the air pas-
sage 22, the air adjustment electromagnetic valve 24,
and the ECU 26.
[0064] Next, the operation of a wheel state adjustment
system of the embodiment that is realized by utilization
of the above described configuration will be described.
[0065] The explanation will begin by focusing on times
when the vehicle 10 is running normally.
[0066] First, when the vehicle 10 is running normally,
the tire internal air pressure is periodically detected by
the pressure detection sensor 30, and the detection re-
sult thereof is transmitted to the vehicle body side com-
munication device 16 from the wheel side communica-
tion device 34 using the transmission mode determined
by the transmission mode determination device 32. At
this time, in the case that, for example, the tire internal
air pressure is changing comparatively slowly due to
natural leakage, or the like, the detection result for the
tire internal air pressure is transmitted to the vehicle
body side communication device 16 from the wheel side
communication device 34 using the normal communica-
tion mode. Alternatively, for example, if the tire internal
air pressure changes suddenly due to a puncture or the
like, the detection result for the tire internal air pressure
is transmitted to the vehicle body side communication
device 16 from the wheel side communication device 34
using the emergency communication mode.
[0067] The information that is received in radio wave
form by the vehicle body side communication device 16,
such as the detection result of the pressure detection
sensor 30, is transmitted to the ECU 26. The ECU 26
stores the information such as the detection result of the
pressure detection sensor 30 received from the vehicle
body side communication device 16 in the memory por-
tion 102, and uses the tire air pressure determination
portion 103 to determine whether the tire internal air
pressure has deviated from a reference state. If it is de-
termined that the tire internal air pressure has not devi-
ated from the reference state, monitoring of the tire in-
ternal air pressure continues.
[0068] On the other hand, if it is determined that the
tire internal air pressure has deviated from the reference
state, the first adjustment air amount calculation portion
104 calculates the necessary supplied air amount or
bled air amount that needs to be supplied to or bled from
the tire in order to return the tire internal air pressure to
the reference state. Then, the pump/valve control
amount calculation portion 108 uses the calculated sup-
plied air amount or bled air amount to be supplied to or
bled from the tire to calculate the operating mode of the
air pump 20 and the adjustment amount of the air ad-
justment electromagnetic valve 24. A control signal
based on the calculation results is then transmitted from
the pump/valve control amount calculation portion 108

to the air pump 20 and the air adjustment electromag-
netic valve 24. Accordingly, adjustment is performed
such that the tire internal air pressure is maintained in
the reference state as a result of the tire internal air
amount being adjusted by the air pump 20 and the air
adjustment electromagnetic valve 24.
[0069] Next, FIGS. 3 and 4 will be used to explain a
case when the tire internal air pressure is adjusted to
suit the running environment of the vehicle 10. FIGS. 3
and 4 are flow charts showing a processing routine in
which the tire internal air pressure is adjusted to suit the
running environment of the vehicle. More particularly,
FIG. 3 shows the processing performed by devices pro-
vided predominantly on the vehicle body 12 side, and
FIG. 4 shows the processing performed by devices pro-
vided predominantly on the wheel 14 side.
[0070] First, information related to the running envi-
ronment of the vehicle 10 is transmitted to the ECU 26
from the vehicle driver or other vehicle user via the tire
air pressure indicator 21 (step S1 of FIG. 3). Then, the
second adjustment air amount calculation portion 106
of the ECU 26 calculates the supplied air amount and
the bled air amount that need to be supplied to or bled
from the tire in order to change the tire internal air pres-
sure to an air pressure that is suitable for the running
environment of the vehicle 10 (step S2).
[0071] Next, the pump/valve control amount calcula-
tion portion 108 uses the calculation results for the sup-
plied air amount or bled air amount to be supplied to or
bled from the tire to calculate the operating mode of the
air pump 20 and the adjustment amount of the air ad-
justment electromagnetic valve 24. A control signal
based on the calculation results is then transmitted from
the pump/valve control amount calculation portion 108
to the air pump 20 and the air adjustment electromag-
netic valve 24 (step S3). Accordingly, the air pump 20
and the air adjustment electromagnetic valve 24 are
controlled and driven to adjust the tire internal air
amount based on the received control signal. Thus, the
air pump 20 and the air adjustment electromagnetic
valve 24 adjust the tire internal air pressure so that it
becomes an air pressure that suits the running environ-
ment of the vehicle 10 (step S4).
[0072] At this time, the air pump 20 and the air adjust-
ment electromagnetic valve 24 adjust the tire internal air
pressure based on the control signal from the pump/
valve control amount calculation portion 108 of the ECU
26. Accordingly, the indication signal that the tire internal
air pressure is being adjusted is transmitted to the pres-
sure detection sensor 30 and the transmission mode de-
termination device 32 through the tire internal air pres-
sure. For example, in the case that it is necessary to set
the tire internal air pressure to a slightly higher level to
suit the running environment, the tire internal air pres-
sure is increased after having been decreased once.
Similarly, in the case that it is necessary to set the tire
internal air pressure to be slightly lower, the tire internal
air pressure is decreased after having been increased
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once.
[0073] This specific type of behavior of the tire internal
air pressure is detected by the pressure detection sen-
sor 30, and the transmission mode determination device
32 determines whether the indication signal has been
identified or not (step 11 of FIG. 4). When the indication
signal is identified by the transmission mode determina-
tion device 32 (YES in step S11), it is determined that
the tire internal air pressure is being adjusted by the air
adjustment electromagnetic valve 24 etc., and thus the
second transmission mode determination threshold val-
ue is set (step S12). As a result, the transmission fre-
quency of transmissions from the wheel side communi-
cation device 34 to the vehicle body side communication
device 16 is reduced. When the second transmission
mode determination threshold value is being used (step
S12), the transmission mode determination device 32
determines whether the predetermined time has
elapsed since use of the second transmission mode de-
termination threshold value first started (step S13). In
the case that the predetermined time has not elapsed
(NO in step S13), the transmission mode determination
device 32 continues to utilize the second transmission
mode determination threshold value. However, on the
other hand, when the predetermined time has elapsed
(YES in step S13), it is determined that the adjustment
of the tire internal air pressure by the air adjustment
electromagnetic valve 24 etc. has been completed, and
thus the first transmission mode determination thresh-
old value is set as the transmission mode determination
threshold value (step S14).
[0074] If the above described indication signal is not
identified by the transmission mode determination de-
vice 32 (NO in step S11), it is determined that the tire
internal air pressure is not being adjusted by the air ad-
justment electromagnetic valve 24 etc., and thus the
transmission mode determination device 32 uses the
first transmission mode determination threshold value
(step S14).
[0075] If it is likely that an abnormality related to the
tire internal air pressure has occurred due to a puncture
or the like, the warning determination portion 110 of the
ECU 26 activates the warning device 18 based on ref-
erence to the detection result of the pressure detection
sensor 30 that is received from the wheel side commu-
nication device 34 and the vehicle body side communi-
cation device 16. The warning device 18 issues a warn-
ing to the driver or other vehicle users using an alarm,
a warning lamp or the like, so as to give notification that
there is an abnormality related to the tire internal air
pressure.
[0076] According to the above described embodi-
ment, when the tire internal air pressure is pro-actively
adjusted to suit the running environment, the second
transmission mode determination threshold value is uti-
lized while the tire internal air pressure is being adjusted
by the air adjustment electromagnetic valve 24 etc. As
a result, it becomes more difficult for the transmission

mode of the wheel side communication device 34 to be
switched to the emergency transmission mode from the
normal transmission mode. Accordingly, for example,
regardless of whether an abnormality of the tire has oc-
curred or not, it is possible to reduce the likelihood that
changes of the tire internal air pressure caused by ad-
justment of the tire internal air pressure will be mistak-
enly determined to be the occurrence of an abnormality
of the tire. Thus, it is possible to inhibit mistaken deter-
mination notifications related to the occurrence of an ab-
normality of the wheel 14 from being transmitted from
the wheel side communication device 34 to the vehicle
body side communication device 16. Moreover, it is also
possible to maintain the transmission frequency of the
wheel side communication device 34 at an appropriate
level, and reduce the transmission frequency at which
notifications related to the occurrence of an abnormality
of the tire internal air pressure are transmitted. By re-
ducing the transmission frequency from the wheel side
communication device 34 in this way, it is possible to
reduce the amount of power that is consumed by trans-
missions of the wheel side communication device 34,
whereby longer life of the battery can be promoted.
[0077] Further, because the indication signal that the
tire internal air pressure is being adjusted is transmitted
from the devices on the vehicle body 12 side to the de-
vices on the wheel 14 side based on the specific type of
behavior of the tire internal air pressure, it is not neces-
sary to provide a special device to transmit such an in-
dication signal. More particularly, by utilizing the specific
type of non-normal behavior exhibited by the tire internal
air pressure as the indication signal of this type, it is pos-
sible to clearly distinguish (a) air pressure changes
caused by adjustment of the tire internal air pressure by
the air adjustment electromagnetic valve 24 etc. from
(b) internal air pressure changes brought about by dam-
age of the tire, the running environment, or the like. Ac-
cordingly, it is possible to inhibit the occurrence of mis-
taken detection related to the indication signal.
[0078] In addition, according to this embodiment, ad-
justment of the tire internal air pressure is performed by
referring to the monitoring result from the pressure de-
tection sensor 30 for the tire internal air pressure. Ac-
cordingly, it is possible to accurately detect technical
problems that are caused by damage like a puncture,
or the running environment.
[0079] The explanation of the above described em-
bodiment describes a case when the transmission fre-
quency of the notification related to the occurrence of
an abnormality of the wheel 14 is reduced when pro-
actively adjusting the tire internal air pressure to suit the
running environment. However, the invention is not lim-
ited to use in this circumstance.. For example, even
when the tire internal air pressure is adjusted by the air
adjustment electromagnetic valve 24 based on the de-
tection result from the pressure detection sensor 30 in
order to maintain the tire internal air pressure in the ref-
erence state, it is possible to reduce the transmission
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frequency at which the wheel side communication de-
vice 34 etc. transmits the notification related to the oc-
currence of an abnormality of the wheel 14 in a similar
manner to that described above.

Second Embodiment

[0080] In the following description of the second em-
bodiment, structural elements that are the same as
those of the first embodiment will be denoted with the
same reference numerals, and a detailed explanation
thereof will be omitted.
[0081] FIG. 5 shows the overall configuration of the
vehicle 10 according to the second embodiment. In this
embodiment, vehicle speed detection sensors 35 for de-
tecting the speed of the vehicle 10 are mounted on each
wheel 14. The vehicle speed detection sensor 35 may
be configured, as chosen, to either directly or indirectly
detect the speed of the vehicle 10. For example, the ve-
hicle speed detection sensor 35 may be configured to
detect the speed of the vehicle 10 indirectly based on
detection results of sensors that detect the rotational
speeds of the respective wheels 14. The vehicle speed
detection sensor 35 is connected to the transmission
mode determination device 32 and transmits its detec-
tion results thereto.
[0082] The transmission mode determination device
32 has a G-switch (not shown) that is turned to ON and
OFF in accordance with a value for the vehicle speed
transmitted from the vehicle speed detection sensor 35.
More specifically, the G-switch is switched to ON when
the vehicle speed detection sensor 35 detects that the
vehicle speed is equal to or above a predetermined
speed, and is switched to OFF when the vehicle speed
is less than the predetermined speed. When the G-
switch is switched to ON, the transmission mode deter-
mination device 32 determines the transmission mode
in a similar manner to the above described first embod-
iment. On the other hand, when the G-switch is switched
to OFF, the transmission mode determination device 32
always determines the normal transmission mode as
the transmission mode, regardless of the detection re-
sult from the pressure detection sensor 30.
[0083] The above mentioned predetermined speed
acts as (i) a reference for switching the G-switch to ON
and OFF, and (ii) a reference for whether the transmis-
sion mode of the wheel side communication device 34
is set and fixed as the normal transmission mode. Fur-
ther, as will be described hereinafter, the predetermined
speed also acts as a determination criterion for deter-
mining whether to permit or prevent the pro-active ad-
justment of the tire internal air pressure. Accordingly,
this predetermined speed is set while bearing in mind
the range of speeds at which no technical problems oc-
cur even if the transmission mode is set and fixed as the
normal transmission mode or the pro-active adjustment
of the tire internal air pressure is permitted. In this em-
bodiment, the predetermined speed is set at a low speed

at which comparatively few technical problems occur.
[0084] The wheel side communication device 34
transmits the detection result of the pressure detection
sensor 30 and the like to the vehicle body side commu-
nication device 16 using the transmission mode deter-
mined by the transmission mode determination device
32. According to this embodiment, adjustment permis-
sion-prohibition information that indicates whether the
pro-active adjustment of the tire internal air pressure is
permitted or prohibited is also transmitted from the
wheel side communication device 34 to the vehicle body
side communication device 16. When the G-switch is
switched to ON, the radio waves transmitted from the
wheel side communication device 34 include permis-
sion-prohibition information that indicates that the pro-
active adjustment of the tire internal air pressure is pro-
hibited. On the other hand, when the G-switch is
switched to OFF, the radio waves transmitted from the
wheel side communication device 34 include permis-
sion-prohibition information that indicates that the pro-
active adjustment of the tire internal air pressure is per-
mitted.
[0085] The radio waves transmitted from the wheel
side communication device 34 to the vehicle body side
communication device 16 include the adjustment per-
mission-prohibition information in addition to the detec-
tion results from the pressure detection sensor 30. The
various types of information included in the radio waves
that are received by the vehicle body side communica-
tion device 16 are then transmitted to the ECU 26, and
stored in the memory portion 102 thereof.
[0086] FIG. 6 is a function block diagram showing the
functions, among the various different functions of the
ECU 26 according to the second embodiment, related
to monitoring and adjustment of the tire internal air pres-
sure. The ECU 26, in addition to the structural elements
of the first embodiment, is also provided with a com-
mand determination portion 112 that is connected to the
memory portion 102 and the second adjustment air
amount calculation portion 106. The command signal
related to the running environment that is received from
the tire air pressure indicator 21 is transmitted to this
command determination portion 112.
[0087] When the command signal related to the run-
ning environment is received from the tire air pressure
indicator 21, the command determination portion 112
confirms whether pro-active adjustment of the tire inter-
nal air pressure is permitted or not by referring to the
adjustment permission-prohibition information that is
stored in the memory portion 102. If adjustment of the
tire internal air pressure is prohibited, pro-active adjust-
ment of the tire internal air pressure is not performed.
The driver or other vehicle user is informed of this fact
when necessary. On the other hand, if adjustment of the
tire internal air pressure is permitted, the pro-active ad-
justment of the tire internal air pressure is performed,
and the information related to the running environment
received from the tire air pressure indicator 21 is trans-
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mitted to the second adjustment air amount calculation
portion 106 from the command determination portion
112.
[0088] The other structural elements of the second
embodiment are the same as those of the first embodi-
ment shown in FIGS. 1 to 4.
[0089] Next, FIG. 7 will be used to explain how the tire
internal air pressure is adjusted to suit the running en-
vironment of the vehicle 10. FIG. 7 is a flow chart show-
ing a processing routine in which the tire internal air
pressure is adjusted to suit a running environment of the
vehicle 10.
[0090] First, the driver or vehicle user notifies the
command determination portion 112 of the ECU 26
about the running environment of the vehicle 10 via the
tire air pressure indicator 21 (step S21 of FIG. 7). The
command determination portion 112 refers to the adjust-
ment permission-prohibition information stored in the
memory portion 102, and determines whether pro-ac-
tive adjustment of the tire internal air pressure is prohib-
ited or not (step S22). If pro-active adjustment of the tire
internal air pressure is prohibited (NO in step S22), it is
not possible to perform the pro-active adjustment of the
tire internal air pressure by the air adjustment electro-
magnetic valve 24 and the like.
[0091] On the other hand, if pro-active adjustment of
the tire internal air pressure is permitted (YES in step
S22), the pro-active adjustment of the tire internal air
pressure is performed by the air adjustment electromag-
netic valve 24 and the like. More specifically, the second
adjustment air amount calculation portion 106 calcu-
lates the supplied air amount and the bled air amount
that need to be supplied to or bled from the tire in order
to realize a tire air pressure that is suitable for the run-
ning environment of the vehicle 10 (step S23). Next, the
pump/valve control amount calculation portion 108 cal-
culates the operating mode of the air pump 20 and the
adjustment amount of the air adjustment electromagnet-
ic valve 24 (step S24), and then drive of the air pump
20 and the air adjustment electromagnetic valve 24 is
controlled in accordance with the control signal received
from the pump/valve control amount calculation portion
108 (step S25). As a result, the tire internal air pressure
is adjusted so as to become an air pressure that is suit-
able for the running environment of the vehicle 10.
[0092] According to the above-described embodi-
ment, the adjustment of the tire internal air pressure is
performed by referring to the vehicle speed. Further,
pro-active adjustment of the tire internal air pressure is
only performed when the vehicle speed is low, namely,
when the G-switch is switched to OFF. Accordingly, it is
only possible to perform pro-active adjustment of the tire
internal air pressure when the vehicle speed is a low
speed at which comparatively few technical problems
occur. Moreover, while the adjustment of the tire internal
air pressure is being performed, the transmission mode
is set and fixed as the normal transmission mode. Ac-
cordingly, it is possible to reduce the transmission fre-

quency at which the wheel side communication device
34 and the like transmit notification that an abnormality
of the wheel 14 has occurred.
[0093] An example is described for the above embod-
iment in which the vehicle speed detection sensors 35
are provided in the wheels 14. However, the vehicle
speed detection sensors 35 may be provided on the ve-
hicle body 12. In this case, for example, the detection
results of the vehicle speed detection sensors 35 can
be transmitted by wire to the ECU 26, and the command
determination portion 112 of the ECU 26 can determine
whether or not it is possible to perform pro-active adjust-
ment of the tire internal air pressure based thereupon.
Further, a configuration may be adopted, which is similar
to that of the first embodiment, in which the G-switch is
switched to ON or OFF based on the special type of be-
havior of the tire internal air pressure which is taken to
indicate whether the vehicle speed is equal to or above
the predetermined value. Accordingly, with such a con-
figuration, the special type of behavior of the tire internal
air pressure is used to transmit information related to
the vehicle speed to the transmission mode determina-
tion device 32 of the wheel 14.

Third Embodiment

[0094] In the following description of the third embod-
iment, structural elements that are the same as those of
the first embodiment will be denoted with the same ref-
erence numerals, and a detailed explanation thereof will
be omitted.
[0095] In the third embodiment, in addition to trans-
mitting radio waves to the vehicle body side communi-
cation device 16, the wheel side communication device
34 is provided with a function that enables radio waves
to be received from the vehicle body side communica-
tion device 16. Further, the vehicle body side communi-
cation device 16 is provided with a function that enables
radio waves to be transmitted to the wheel side commu-
nication device 34, in addition to being able to receive
radio waves from the wheel side communication device
34.
[0096] FIG. 8 is a function block diagram showing
functions, among various different functions of the ECU
26 according to this embodiment, related to monitoring
and adjustment of the tire internal air pressure. The ECU
26, in addition to the structural elements of the first em-
bodiment, is also provided with a transmission mode
control portion 114 that is connected to the pump/valve
control amount calculation portion 108. The transmis-
sion mode control portion 114 transmits operation infor-
mation for each air adjustment electromagnetic valve 24
to each corresponding vehicle body side communica-
tion device 16, based on the detection results of the
pump/valve control amount calculation portion 108.
[0097] The vehicle body side communication device
16 then transmits the operation information for the air
adjustment electromagnetic valve 24 (which has been
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received from the transmission mode control portion 114
of the ECU 26) to the corresponding wheel side com-
munication device 34. The wheel side communication
device 34 then transmits the operation information for
the air adjustment electromagnetic valve 24 received
from the vehicle body side communication device 16 to
the corresponding transmission mode determination
device 32. Then, the transmission mode determination
device 32 determines the transmission mode determi-
nation threshold value to be used based on the opera-
tion information for the air adjustment electromagnetic
valve 24 received from the wheel side communication
device 34. More particularly, when the air adjustment
electromagnetic valve 24 is not operating, the first trans-
mission mode determination threshold value is used,
whereas when the air adjustment electromagnetic valve
24 is operating the second transmission mode determi-
nation threshold value is used.
[0098] The remaining structural elements of the third
embodiment are the same as those of the first embodi-
ment shown in FIGS. 1 to 4.
[0099] In the third embodiment, for example, when the
driver or other vehicle user of the vehicle notifies the
ECU 26 of the running environment of the vehicle 10 via
the tire air pressure indicator 21, the ECU 26 calculates
the supplied air amount and the bled air amount for the
tire, and the operating mode of the air pump 20 and the
adjustment amount of the air adjustment electromagnet-
ic valves 24. The calculated results are then transmitted
to the air pump 20 and the air adjustment electromag-
netic valve 24. Next, the operation information for the
air adjustment electromagnetic valves 24 that is derived
from the calculation results of the pump/valve control
amount calculation portion 108 is transmitted from the
transmission mode control portion 114 of the ECU 26 to
the corresponding transmission mode determination
device 32 via the vehicle body side communication de-
vice 16 and the wheel side communication device 34.
Accordingly, when the tire internal air pressure is being
pro-actively adjusted by the air adjustment electromag-
netic valve 24, the second transmission mode determi-
nation threshold value is used by the transmission mode
determination device 32. On the other hand, when the
tire internal air pressure is not being pro-actively adjust-
ed by the air adjustment electromagnetic valve 24, the
first transmission mode determination threshold value
is used by the transmission mode determination device
32.
[0100] Moreover, when the tire internal air pressure is
being adjusted in order to maintain the tire internal air
pressure in the reference state based upon the detec-
tion result of the pressure detection sensor 30, in a sim-
ilar manner to described previously, the operation infor-
mation of the air adjustment electromagnetic valve 24
is transmitted from the transmission mode control por-
tion 114 of the ECU 26 to the wheel side communication
device 34. Then, the transmission mode determination
device 32 determines whether the first transmission

mode determination threshold value or the second
transmission mode determination threshold value is to
be used.
[0101] In the above described embodiment, the de-
vices on the vehicle body 12 side and the devices on
the wheel 14 side exchange information by two-way
wireless communication, thus enabling the transmission
mode determination threshold value that acts as the de-
termination criterion for determining the transmission
mode of the wheel side communication device 34 to be
determined. Accordingly, when the air adjustment elec-
tromagnetic valves 24 are being operated to adjust the
tire internal air pressure, the second transmission mode
determination threshold value is used. As a result, it is
possible to reduce the transmission frequency at which
notifications related to the occurrence of an abnormality
of the wheel 14 are transmitted, whereby it is possible
to reduce the amount of power consumed by transmis-
sions of the wheel side communication device 34.
[0102] It should be noted that the invention is not lim-
ited to the above described exemplary embodiments
and configurations, and may be realized by appropriate-
ly replacing any of the various elements described in the
above embodiments and configurations. Further, those
skilled in the art will be able to conceive of various design
changes and modifications of the above described em-
bodiments. Such modified and changed embodiments
are also intended to fall within the scope of the invention.
[0103] For example, in the above described embodi-
ments, the transmission frequency of notifications relat-
ed to the occurrence of an abnormality of the tire internal
air pressure from the wheel side communication device
34 etc. is reduced by changing the transmission mode
determination threshold value that acts as the reference
criterion for the transmission mode of the wheel side
communication device 34. However, other methods of
achieving this reduction can be used. For example,
while the wheel state adjustment device or means in-
cluding the air adjustment electromagnetic valves 24
etc. is adjusting the tire internal air pressure, the notifi-
cation related to the occurrence of abnormalities may
be stopped by interrupting transmission by the wheel
side communication device 34 of the detection result of
the pressure detection sensor 30. Accordingly, it is pos-
sible to reduce the transmission frequency at which the
wheel side communication device 34 etc. transmits no-
tifications related to the occurrence of abnormalities of
the tire internal air pressure. Thus, with this configura-
tion, the transmission mode determination device 32 de-
termines whether to continue or interrupt the periodic
information transmissions of the wheel side communi-
cation device 34 based on the detection result of the
pressure detection sensor 30, instead of by changing
the transmission mode determination threshold value.
Moreover, the wheel side communication device 34 may
transmit the detection result of the pressure detection
sensor 30 etc. based on information which is received
from the corresponding transmission mode determina-

23 24



EP 1 586 467 A1

14

5

10

15

20

25

30

35

40

45

50

55

tion device 32 about whether continuation or interruption
of the periodic information transmission has been deter-
mined.
[0104] Further, examples are described for the above
embodiments in which, when, for example, the tire in-
ternal air pressure is increased, the indication signal that
the tire internal air pressure is being adjusted by the air
adjustment electromagnetic valve 24 etc. is realized by
the tire internal air pressure being decreased once and
then increased within a predetermined period of time.
However, the invention is not limited to this configura-
tion. For example, the indication signal that the tire in-
ternal air pressure is being adjusted may be realized by
intermittently increasing or decreasing the tire internal
air pressure. If such a configuration is adopted, it is pref-
erable that the air pump 20 and the air adjustment elec-
tromagnetic valve 24 are controlled such that the tire in-
ternal air pressure exhibits behavior that does not usu-
ally occur during normal running of the vehicle 10.
[0105] Furthermore, examples are described for the
above embodiments in which the tire internal air pres-
sure is changed to suit the running environment when
the driver or other vehicle user gives an instruction.
However, the invention is not limited in this respect, and
may be applied to, for example, a configuration in which
(i) a vehicle speed sensor, a camera or the like are used
to detect the running environment of the vehicle 10, and
(ii) the tire internal air pressure is changed based on an
automatic determination of the running environment
based on the obtained detection results.
[0106] In addition, an explanation is presented for the
above described first and second embodiments in
which, when the second transmission mode determina-
tion threshold value is used for determination of the
transmission mode of the wheel side communication de-
vice 34, the determination as to whether to return the
transmission mode determination threshold value to the
first transmission mode determination threshold value
is based upon whether a predetermined time has
elapsed since the second transmission mode determi-
nation threshold value was set. However, the invention
is not limited to this configuration. For example, the in-
vention may be realized such that when the adjustment
of the tire internal air pressure by the air adjustment
electromagnetic valve 24 etc. is completed, an indica-
tion signal indicating the completion of adjustment is
transmitted to the transmission mode determination de-
vice 32. Accordingly, the transmission mode determina-
tion device 32 can determine whether to return the trans-
mission mode determination threshold value from the
second transmission mode determination threshold val-
ue to the first transmission mode determination thresh-
old value based on the received indication signal. The
indication signal that the adjustment of the tire internal
air pressure is completed may, like the above described
indication signal that tire internal air pressure is being
adjusted, be transmitted to the transmission mode de-
termination device 32 on the wheel 14 side from the de-

vices on the vehicle body 12 side using the behavior of
the tire internal air pressure.
[0107] Moreover, an example is described for the
above embodiments in which it is determined whether
or not an abnormality of the wheel 14 has occurred
based on the absolute value and the change amount of
the tire internal air pressure. However, the invention is
not limited in this respect, and may be configured such
that, for example, the differences of the transmission
modes and the transmission frequencies of the wheel
side communication device 34 are used as a basis for
determining whether or not an abnormality of the wheel
14 has occurred. For example, if the information trans-
mitted from the vehicle body side communication device
16 includes information indicating that the transmission
mode of the wheel side communication device 34 is the
normal transmission mode, or if the transmission fre-
quency of transmissions from the wheel side communi-
cation device 34 to the vehicle body side communication
device 16 is comparatively low, it is possible to deter-
mine that an abnormality of the wheel 14 has not oc-
curred. Given this fact, the warning determination por-
tion 110 need not activate the warning device 18. Alter-
natively, if the information transmitted from the vehicle
body side communication device 16 includes informa-
tion indicating that the transmission mode of the wheel
side communication device 34 is the emergency trans-
mission mode, or if the transmission frequency of trans-
missions from the wheel side communication device 34
to the vehicle body side communication device 16 is
comparatively high, it is possible to determine that an
abnormality of the wheel 14 has occurred. Accordingly,
the warning determination portion 110 can activate the
warning device 18 based on this fact.

Claims

1. A wheel state adjustment system provided with
wheel state monitoring means (16, 26, 30, 34)
which monitors a predetermined quantity of state of
a wheel (14) and which transmits a notification
when an abnormality of the wheel (14) occurs, and
wheel state adjustment means (24) that adjusts the
predetermined quantity of state of the wheel (14),
the system characterised in that

the wheel state monitoring means (16, 26, 30,
34) reduces a transmission frequency at which the
notification related to the occurrence of an abnor-
mality of the wheel (14) is transmitted when the
wheel state adjustment means (24) is adjusting the
predetermined quantity of state of the wheel.

2. The wheel state adjustment system according to
claim 1, characterised in that when the wheel state
adjustment means (24) is adjusting the predeter-
mined quantity of state of the wheel (14), the wheel
state monitoring means (16, 26, 30, 34) reduces the
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transmission frequency at which the notification re-
lated to the occurrence of an abnormality of the
wheel (14) is transmitted by stopping transmission
of the notification related to the occurrence of an
abnormality of the wheel (14).

3. The wheel state adjustment system according to
claim 1, characterised in that when the wheel state
adjustment means (24) is adjusting the predeter-
mined quantity of state of the wheel (14), the wheel
state monitoring means (16, 26, 30, 34) reduces the
transmission frequency at which the notification re-
lated to the occurrence of an abnormality of the
wheel (14) is transmitted by changing a determina-
tion condition for determining whether an abnormal-
ity of the wheel (14) has occurred.

4. The wheel state adjustment system according to
any one of claims 1 to 3, characterised in that the
wheel state adjustment means (24) notifies the
wheel state monitoring means (16, 26, 30, 34) that
the wheel state adjustment means (24) is adjusting
the predetermined quantity of state of the wheel
(14) by manipulating the predetermined quantity of
state of the wheel (14) in a predetermined manner.

5. The wheel state adjustment system according to
claim 4, characterised in that the wheel state ad-
justment \means (24) notifies the wheel state mon-
itoring means (16, 26, 30, 34) that the predeter-
mined quantity of state of the wheel (14) is being
adjusted by manipulating the predetermined quan-
tity of state such that the predetermined quantity of
state exhibits a type of behavior that is not normal.

6. The wheel state adjustment system according to
any one of claims 1 to 5, characterised in that the
wheel state adjustment means (24) adjusts the pre-
determined quantity of state of the wheel (14) by
referring to a monitoring result for the predeter-
mined quantity of state of the wheel (14) that is ob-
tained from the wheel state monitoring means (16,
26, 30, 34).

7. The wheel state adjustment system according to
any one of claims 1 to 6, characterised in that the
wheel state adjustment means (24) adjusts the pre-
determined quantity of state of the wheel (14) by
referring to a speed of a vehicle (10) to which the
wheel (14) is attached.

8. The wheel state adjustment system according to
any one of claims 1 to 7, wherein the predetermined
quantity of state of the wheel is an internal air pres-
sure of a tire of the wheel (14).

9. The wheel state adjustment system according to
any one of claims 1 to 8, characterised by com-

prising a warning device (18) that generates a warn-
ing based on the notification related to the occur-
rence of an abnormality of the wheel (14) that is ob-
tained from the wheel state monitoring means (16,
26, 30, 34).

10. A wheel state adjustment method for a wheel state
adjustment system including the steps of monitor-
ing a predetermined quantity of state of a wheel
(14), transmitting a notification when an abnormality
of the wheel (14) occurs, and adjusting the prede-
termined quantity of state of the wheel, the method
being characterised by further comprising a step
of reducing a transmission frequency at which the
notification related to the occurrence of an abnor-
mality of the wheel (14) is transmitted when the pre-
determined quantity of state of the wheel (14) is be-
ing adjusted.

11. The wheel state adjustment method according to
claim 10, characterised in that when the predeter-
mined quantity of state of the wheel (14) is being
adjusted, the transmission frequency at which the
notification related to the occurrence of an abnor-
mality of the wheel (14) is transmitted is reduced by
stopping transmission of the notification related to
the occurrence of an abnormality of the wheel (14).

12. , The wheel state adjustment method according to
claim 10, characterised in that when the predeter-
mined quantity of state of the wheel (14) is being
adjusted, the transmission frequency at which the
notification related to the occurrence of an abnor-
mality of the wheel (14) is transmitted is reduced by
changing a determination condition for determining
whether an abnormality of the wheel (14) has oc-
curred.

13. The wheel state adjustment method according to
any one of claims 10 to 12, characterised in that
the monitoring step monitors whether the predeter-
mined quantity of state of the wheel (14) is being
adjusted based on whether the predetermined
quantity of state is changed in a predetermined
manner.

14. The wheel state adjustment method according to
claim 13, wherein the monitoring step monitors
whether the predetermined quantity of state of the
wheel (14) is being adjusted based on whether the
predetermined quantity of state of the wheel (14) is
changed such that the predetermined quantity of
state exhibits a type of behavior that is not normal.

15. The wheel state adjustment method according to
any one of claims 10 to 14, characterised in that
the adjusting step of the predetermined quantity of
state of the wheel (14) is performed by referring to

27 28



EP 1 586 467 A1

16

5

10

15

20

25

30

35

40

45

50

55

a monitoring result for the predetermined quantity
of state of the wheel (14).

16. The wheel state adjustment method according to
any one of claim 10 to 15, characterised in that
the adjusting step of the predetermined quantity of
state of the wheel (14) is performed by referring to
a speed of a vehicle (10) to which the wheel (14) is
attached.

17. The wheel state adjustment method according to
any one of claims 10 to 16, characterised in that
the monitoring step of the predetermined quantity
of state of the wheel (14) is based upon measure-
ment of an internal air pressure of a tire of the wheel
(14).

18. The wheel state adjustment method according to
any one of claims 10 to 17, further characterised
by the step of:

generating a warning based on the notification
related to the occurrence of an abnormality of
the wheel (14).
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